The present investigation summarises breeding and meiotic behaviour of normal and an asynaptic mutant of variety KL-1 of Capsicum annuum L. Morphological and pollination experiments reveal this variety to be dependent on insects for successful fruit set. Sixtysix percent fruit was set on open pollination. Asynaptic mutant isolated in this variety resembled the normal plants in plant and floral morphology, but did not set any fruit both on open pollination or when allowed to autoself. This lack of fruit set has been attributed to asynapsis induced sterility both in female and male tracks. Chillies as they are commonly called, belong to Genus Capsicum of family Solanaceae. While most of them are assigned to species Capsicum annuum, some cultivars of C. frutescens and C. pubescens are also clubbed with them. A great deal of morphological variation in terms of fruit size, color, pungency etc. exists in them. In order to analyse the basis of this variation, we probed in detail the breeding and meiotic system of some cultivars, commonly used in our area (J and K state, India). Investigations revealed that in spite of immense variation at fruit level, chillies show very little variation at floral as well as cytological level. The only variation noticed at floral level was that flowers on the same plant show different stylar lengths (Long, Mid, Low) in all the varieties studied. The frequency of flowers with different stylar lengths varied in different varieties.
Chillies as they are commonly called, belong to Genus Capsicum of family Solanaceae. While most of them are assigned to species Capsicum annuum, some cultivars of C. frutescens and C. pubescens are also clubbed with them. A great deal of morphological variation in terms of fruit size, color, pungency etc. exists in them. In order to analyse the basis of this variation, we probed in detail the breeding and meiotic system of some cultivars, commonly used in our area (J and K state, India) . Investigations revealed that in spite of immense variation at fruit level, chillies show very little variation at floral as well as cytological level. The only variation noticed at floral level was that flowers on the same plant show different stylar lengths (Long, Mid, Low) in all the varieties studied. The frequency of flowers with different stylar lengths varied in different varieties.
Cytologically the chillies turned out to be very stable. All were diploid with 2nϭ24. Out of the 3 varieties namely, Pusa Jawala, Pusa Sadabahar and Kashmir Long-1 scanned in detail by us with an average of 36 plants per variety, we could detect only 1 cytologically variant plant. It was an asynaptic mutant of variety Kashmir Long-1 (KL-1). The present investigation deals in detail with breeding and meiotic system of KL-1 plants of chillies and their comparison with this variant plant.
Materials and methods
Plants of KL-1 variety of chillies were raised at Botanical Garden of University of Jammu from seeds procured from Kashmir Agricultural University, Srinagar, J and K, India. The reproductive phenology (onset and end of flowering season, peak flowering period and fruiting period) and timing of anthesis was assessed from regular field visits. The shape, maximum diameter, color, number and placement of sex organs was also observed from flowers in field. Stigma receptivity was assessed after regular time intervals from stigma of different ages fixed in Carnoy's Fixative and stained in Lewis stain (distilled water, lactic acid and glycerol, Lewis 1954) .
Pollen-ovule ratio was estimated from randomly selected individuals of each variety. For pollen count the flower buds were collected before their anthers dehisced. The anthers 1 by 1 were squashed in 1% acetocarmine and no debris was removed. Pollen count was then made by scanning the slides from 1 end to other. Ovules were counted by dissecting ovaries under a stereomicroscope and pollen-ovule ratio was then obtained by dividing the total number of pollen grains per flower with the number of ovules in the same flower. The pollen viability was calculated through light microscopy using acetocarmine stain (pollen that stained red were recorded viable) and by florescence microscopy using flourescein diacetate (Shivanna and Rangaswamy 1992) . Flowers of each type (Short, Mid and Long styled) on different individuals were bagged with bags of appropriate size made from butter paper. These were then manually dusted with self-pollen to test for fruit set on selfing.
Acetocarmine squash technique was employed for meiotic studies. Flowers buds of appropriate size were collected from the aforesaid plants and fixed in freshly prepared Carnoy's Fixative (3 : 1, alcohol and acetic acid) between 9.00-10.00 a.m. and were transferred to 70% alcohol after 24 h of fixation. The buds were later squashed in 1% acetocarmine and studied for pollen mother cell meiosis in detail.
Observations

Floral morphology
Normal and mutant plants of variety Kashmir Long-1 were identical in their floral morphology and phenology except for the mutant plant being slow in growth and late flowering; while the flowering commenced in the month of May in normal plant it started in July in mutant. Flowers are solitary axillary in both types. These are born pendulous having 5-6 sepals, petals and epipetalous anthers. Each anther is tubular, dehiscing along a lateral slit. Surrounded by these anthers is present a single pistil comprising of bicarpellary, syncarpous ovary having axile placentation and containing on an average 114.92Ϯ1.769 anatropous ovules. A wet knob like stigma is present. In some flowers stigma and a part of style keeps protruding out of the staminal core while in others stigma is either at the same level of stamens or is below the level of the stamens. These flowers are classified as long, mid and short styled. The length of the style varies significantly in 3, and is 6.28Ϯ0.040 mm in Long, 4.42Ϯ0.057 mm in Mid and 2.45Ϯ0.071 mm in Short styled flowers. Frequency of different types of flowers varies among different plants. Long styled flowers invariably dominate, averaging 85% while short styled flowers are least frequent (Table 1) .
Floral phenology, Pollen-ovule ratio and Fruit set
Depending on the temperature, the flowers open an hour or 2 after sunrise. In Jammu where temperature during the flowering season of the chillies ranges between 35-45°C, the timing of flower opening is between 8.00-10.00 am. Anther dehiscence commences 2 h after anthesis and it takes about the same time to complete it. Stigma remains receptive for 4 d, starting from 1 d before anthesis to 2 d after anthesis but shows maximum receptivity on the day of anthesis. Average percentage pollen viability of the normal plant comes out to be 64.34% (nϭ50) where as it is about 14.33% (nϭ25) only in mutant plant. P/O ratio also varies between normal and mutant plant (Table  2) .
Fruit set
Normal plants of KL-1 set 66% fruits on open pollination, while the mutant plant showed no fruit set. In nature the plants are visited by a variety of insects, which include bees, thrips and ants. Out of these 3, only bees were found to act as pollinators on the Capsicum plants. They carried good amount (1400-1900) of pollen load on their different body parts. No pollen load was ever recorded from body parts of other 2 insects. Unassisted selfing resulted in no fruit set in normal as well as mutant plant. Plants kept in green house totally protected from bees also could not set any fruit.
Pollen mother cell meiosis
Normal plants of KL-1 have 24 chromosomes in their somatic complement forming 12 pairs, out of which one pair is with secondary constriction (Fig. 1) . During pmc meiosis pairing occurs normally resulting in 12 bivalents at diplotene and metaphase (Figs. 2, 3 ) Anaphase segregation is normal resulting in 12 chromosomes at each pole (Fig. 4) . Chiasmata frequency at diplotene averages Xϭ20.8 (nϭ110). In mutant plant only 5% cells at diplotene showed normal pairing. Others showed asynapsis to varying degrees (Table 3 ). All the pmcs examined at diakinesis and metaphase were asynaptic with number of univalents ranging from 6-24 (Figs. 5, 6 ). Chiasmata frequency at diplotene also was calculated and averaged only Xϭ2.54 (nϭ110). Anaphase segregation was normal in only 10% of the pmcs. In the rest 90%, it was irregular; surprisingly only 2 irregular patterns were observed: the segregation was either 11 : 12 with a laggard or 11 : 13. (Table 4) (Figs. 7, 8 ).
Discussion
Studies on floral structure reveals that the variety KL-1 bears an average of 85% long styled flowers. In these flowers the pollen is unable to reach the stigma on its own and requires disturbance to effect pollination. These flowers are thus unable to set any fruit when kept undisturbed to allow for autoselfing or are kept protected from pollinators (per. Obs.). Flowers of Capsicum annuum are visited by a variety of insects in fields, which include bees, thrips and ants. Of these bees are active pollinators, which is confirmed by heavy pollen load on their bodies. Capsicum annuum has 2007 19 Genetic system of Chillies I. Breeding and Meiotic system of Var. KL-1 
Fruit set %age on a) Open pollination 66% Nil b) Manual selfing 31% Nil nϭTotal number of flowers studied. Neeti Chhibber, Namrata Sharma and Susheel Verma been reported by many authors to be pollinated by bees (Rick 1950 , Raw 2000 . Thrips (Saxena et al. 1996) and ants have also been assigned the pollination role by some authors (Purseglove 1968 , Cobley 1976 . In fields where plants of KL-1 including mutant are growing, 66% fruit set has been recorded on normal plants. Mutant plant on the other hand is unable to set any fruit. Very low pollen viability due to asynaptic nature of the plant, could be a powerful tool to induce this lack of fruit set; however, it can not be the sole reason.
Investigations for the pollen load on stigma of both normal and mutant plant revealed the former to be heavily pollinated (Xϭ136.2/Stigma). Out of this about 60% were seen germinating also. In mutant plant also stigma carried considerable pollen load (Xϭ80), about 30% of which was germinating. This indicates pollination both with pollen from normal plants of KL-1 and viable selfpollen. Complete lack of fruit set in spite of this pollen load points this plant to be female sterile also, a phenomenon which is not naive to Capsicums and has been reported previously also (Murthy and Lakshmi 1980) .
